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BY-NC-ND license (http://creativecomAbstract To investigate whether the ratio of remnant kidney volume to body weight (V/W
ratio) can impact renal function in donors, 45 living kidney donors were enrolled. Kidney vol-
ume was analyzed by magnetic resonance imaging. Renal function was compared between do-
nors with a V/W ratio of < 2.0 mL/kg (n Z 23) or  2.0 mL/kg (n Z 22). Donors in both V/W
groups showed similar serum creatinine levels and estimated glomerular filtration rates
(eGFRs) at 7 days and 1 year, whereas donors with a V/W ratio of < 2.0 mL/kg had significantly
higher 24-hour urine protein levels at 1 year (0.54  0.23 g/d vs. 0.33  0.19 g/d, pZ 0.028).
Multivariate analysis revealed no correlation between the V/W ratio and eGFR at 7 days or
1 year, and a V/W ratio of < 2 mL/kg was not associated with an increased incidence of eGFR
< 60 mL/min/1.73 m2 at 1 year (risk ratio 1.73, 95% confidence interval 0.10e29.47). The V/W
ratio correlated inversely with 24-hour urine protein (r Z 0.377, p Z 0.021) at 1 year, and
donors with a V/W ratio of < 2.0 mL/kg were more likely to show 24-hour urine protein
>300 mg (risk ratio 1.70, 95% confidence interval 1.08e2.67) at 1 year. Donors with lower
V/W ratios have higher 24-hour urinary protein levels at 1 year after transplantation. These
findings suggest that the V/W ratio may be useful for kidney selection.
Copyright ª 2016, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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Kidney transplantation has long been considered the
preferred treatment for patients with end-stage renal
disease, providing substantially longer survival and better
quality of life than dialysis [1,2]. Rising numbers of pa-
tients reaching end-stage renal disease intensify the de-
mand for expansion of donor pool, and living kidney
transplantation is one of the solutions. Although living
kidney transplantation results in better patient and graft
survival and avoids the long wait on dialysis [3], contro-
versies over safety of donors remain. While a large cohort
study has reported living donor nephrectomy to be safe
[4], this is still a major procedure that carries potential
risks for the donor. Additionally, there is uncertainty on
the risk of increased cardiovascular mortality and pro-
gression to end-stage renal disease in the long term [4,5].
This highlights the need to optimize how living kidney
donors are selected in order to ensure the best post-
transplantation outcomes for them as well as for
recipients.
Several studies suggest that the ratio of allograft weight
to recipient body weight predicts renal function in kidney
transplantation recipients. One study reported that the
mismatch of allograft weight to recipients’ body weight was
associated with an increased risk of graft failure [6], and
another study found that lower ratios of kidney weight to
recipient body weight were associated with inferior kidney
function at 12 months [7]. Moreover, Nicholson et al. [8]
found that lower ratios of ultrasound-based allograft size
to recipient weight predicted poor long-term renal allograft
function. These observations led us to ask whether the
analogous ratio of remnant kidney volume to body weight
(V/W ratio) may predict kidney function in donors after
transplantation. We are unaware of studies addressing this
question.
Therefore, we carried out a prospective study to inves-
tigate a possible association of the V/W ratio with renal
function in living donors. We estimated kidney volume using
magnetic resonance imaging (MRI)-based disc summation,
which has been proved to be a reliable and reproducible
method [9].Methods
Patients
Between July 2011 and January 2012, we prospectively
enrolled a consecutive sample of living kidney donors at our
clinic. Participants had to be at least 18 years old, not
pregnant, and without any contraindications to MRI. In
addition, all potential participants underwent a thorough
preoperative evaluation to ensure that they were medically
fit for donation and that their kidney was suitable for
transplantation. All patients provided informed consent
before undergoing MRI. This study was approved by our
hospital’s Ethics Committee (West China Hospital, Sichuan
University).Assessment of kidney function
Renal scintigraphy with 99mTc-mercaptoacetyltriglycine
was performed in all donors, and effective renal plasma
flow was calculated using a camera-based technique. If
renal function differed by > 15% between the right and left
kidneys, usually the less functional kidney was removed.
Serum creatinine levels were determined preoperatively
and on Postoperative Day 7 in all 45 patients, and at 1 year
postoperatively in 36 patients. The estimated glomerular
filtration rate (eGFR) was estimated using the Cock-
orofteGault formula [10]. Preoperative single-kidney eGFR
was calculated by multiplying the preoperative total eGFR
by the differential ratio of single-kidney effective renal
plasma flow. In order to rule out differences in body surface
area (BSA) among the donors, pre- and postoperative eGFRs
were adjusted to the standard BSA (1.73 m2). BSA was
calculated as described previously [11].
Estimation of kidney volume
All donors were analyzed by MRI within 5 days prior to
surgery. MRI was performed using a 3.0-Tesla scanner
(Magnetom Trio Tim; Siemens, Munich, Germany). An eight-
channel, phased-array coil was used for signal reception.
A plain scan covering the entire kidney length in the cra-
niocaudal direction was acquired using a T1-weighted
gradient echo sequence. The specific acquisition parame-
ters were as follows: TR (repetition time), 110 milliseconds;
TE (echo time), 2.5 seconds; FOV (field of view), 380  380;
flip angle, 70; slice number, 7; slice thickness, 6 mm; gap,
1.2 mm; and breath-hold duration, 15 seconds. A fat satu-
ration pulse was used to suppress the signal from sur-
rounding perirenal adipose tissue and to improve
delineation of the renal border.
Kidney volume was calculated from three dimensional
volume images using the voxel-count method applied to
coronal MR images, as described previously [9]. Boundaries
of the renal parenchyma of each kidney slice were manu-
ally mapped, and kidney volume was calculated as follows:
Kidney volume ðmLÞZ
nSðiÞðparenchymal area slice thicknessÞi
ð1Þ
Both donated and remnant kidney volumes were recor-
ded in milliliters, and preoperative body weight of each
donor was recorded in kilograms. The V/W ratio was
calculated for each donor as an index of nephron dose.
Statistical analysis
All continuous data were reported as mean  standard
deviation and compared using the Student t test; categor-
ical data were compared using the Chi-square test. Spear-
man’s correlation coefficients were calculated to evaluate
the relationship between kidney function and donor char-
acteristics. Logistical regression was used to assess the
relationship between the V/W ratio and kidney function,
and results were expressed as risk ratios (RRs) with 95%
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p < 0.05 was considered statistically significant. All statis-
tical analyses were performed using SPSS 18.0 (IBM, Chi-
cago, IL, USA).
Results
We enrolled a consecutive sample of 45 living donors (11
males and 34 females) in this study. The average volume of
donated kidney was similar to the average volume of
remnant kidney (124.45  25.53 mL vs. 118.06  23.51 mL,
p Z 0.068). The same was true for preoperative kidney
function (47.61  10.90 mL/min/1.73 m2 vs.
47.67  11.92 mL/min/1.73 m2, pZ 0.946). Since the mean
V/W ratio in donors was 2.03 mL/kg, we divided partici-
pants into two groups: one with V/W ratios of < 2.0 mL/kg
(n Z 23) and the other with V/W ratios of 2.0 mL/kg
(nZ 22). Donors in both groups were well matched for age,
weight, height, body mass index (BMI), BSA, 24-hour urinary
protein, BSA-corrected 24-hour urinary protein, preopera-
tive serum creatinine levels, and eGFR in both the donated
and the remnant kidney.
Although there were slightly more males in the group
with a V/W ratio of  2.0 mL/kg, the difference did not
reach significance (p Z 0.219). Donors with a V/W ratio of
 2.0 mL/kg donated a significantly larger kidney volume
(102.65  17.75 mL vs. 134.17  17.20 mL, p < 0.001) and
were left with a significantly larger remnant kidney volume
(116.93  26.00 mL vs. 132.32  23.05 mL, p Z 0.042;
Table 1).
After kidney removal, serum creatinine levels increased
significantly from 65.34  11.41 mol/L to
105.07  22.62 mol/L at 7 days (p < 0.001), which subse-
quently stabilized at 97.54  19.09 mol/L at 1 year after
transplantation (p < 0.001 with respect to presurgery;
Table 2). In both V/W groups, eGFR of the remnant kidney
increased from 48.75  8.93 mL/min/1.73 m2 before kidney
removal to 61.61  13.41 mL/min/1.73 m2 at 1 week after
surgery (p < 0.001), finally reaching 62.97  15.94 mL/min/
1.73 m2 at 1 year (p < 0.001 with respect to presurgery). No
difference was detected between both groups in serumTable 1 Basic characteristics of included living kidney donors.
Characteristics V
Sex (male) 4 (
Age (y) 47
Weight (kg) 57
Height (m) 1
BMI (kg/m2) 22
BSA (m2) 1
Pre-Scr (mmol/L) 65
Pre-24 h urine protein (g) 0
Pre-eGFR (mL/min/1.73 m2) 96
Pre-eGFR of donated kidney (mL/min/1.73 m2) 48
Pre-eGFR of remaining kidney (mL/min/1.73 m2) 48
Prevolume of donated kidney (mL) 102
Prevolume of remaining kidney (mL) 116
Data are presented as n (%) or mean  standard deviation.
BMIZ body mass index; BSAZ body surface area; eGFRZ estimated
remnant kidney volume to body weight.creatinine levels, eGFR, and increment of eGFR (Table 2).
The two V/W groups differed significantly in levels of 24-
hour urinary protein at 1 year after transplantation. Do-
nors with a V/W ratio of < 2.0 mL/kg showed significantly
higher 24-hour urinary protein levels (0.54  0.23 g vs.
0.33  0.19 g, p Z 0.028). The difference between groups
remained significant even after correcting for BSA:
0.34  0.21 g/m2/d for patients with a V/W ratio of <
2.0 mL/kg vs. 0.21  0.16 g/m2/d for patients with a V/W
ratio of  2.0 mL/kg (p Z 0.035).
We also investigated whether clinical and demographic
characteristics of donors correlated with remnant kidney
volume (Table 3). Univariate analysis revealed that body
weight (p < 0.001) and preoperative eGFR of the remnant
kidney (p Z 0.006) positively correlated with remnant
kidney volume. Female donors were more likely to have a
lower remnant kidney volume (p Z 0.024). In multivariate
regression, only body weight correlated positively with
remnant kidney volume (p Z 0.016).
We performed multiple linear regression to identify
factors that influence kidney function (Table 4). There was
a significant correlation between gender and eGFR at 7 days
(r Z 0.291, pZ 0.035) and 1 year (r Z 0.304, p Z 0.037).
Preoperative eGFR of remnant kidney also positively
correlated with remnant kidney function at 7 days
(r Z 0.626, p < 0.001) and 1 year (r Z 0.737, p < 0.001).
The V/W ratio did not correlate significantly with kidney
function at 7 days (r Z 0.149, p Z 0.167) or 1 year
(r Z 0.204, p Z 0.07). However, the V/W ratio correlated
negatively with 24-hour urine protein (r Z 0.377,
p Z 0.021) at 1 year. A V/W ratio of < 2.0 mL/kg was not
associated with an increased incidence of eGFR of < 60 mL/
min/1.73 m2 at 1 year (RR Z 1.73, 95% CI 0.10e29.47),
whereas donors with a V/W ratio of < 2.0 mL/kg were
associated with an increased risk of 24-hour urine protein
level of > 0.3 g at 1 year (RR Z 1.70, 95% CI 1.08e2.67).
Discussion
To the best of our knowledge, this is the first study
analyzing whether the V/W ratio can influence remnant/W < 2.0 V/W  2.0 p
17.4) 7 (31.8) 0.219
.70  8.87 48.81  7.47 0.649
.74  7.09 58.41  6.40 0.741
.59  0.59 1.61  0.07 0.495
.74  2.65 22.75  3.43 0.986
.60  0.11 1.61  0.09 0.599
.72  11.60 64.94  11.46 0.821
.13  0.09 0.20  0.09 0.177
.59  19.85 93.91  24.27 0.687
.13  11.00 47.19  13.05 0.794
.45  9.84 46.72  12.08 0.600
.65  17.75 134.17  17.20 <0.001
.93  26.00 132.32  23.05 0.042
glomerular filtration rate; ScrZ serum creatinine; V/WZ ratio of
Table 2 Kidney function change of included living kidney donors.
Characteristics V/W < 2.0 V/W  2.0 p
Serum creatinine at 7 d (mmol/L) 104.59  20.71 105.58  24.95 0.885
Serum creatinine at 1 y (mmol/L) 101.61  22.62 97.03  19.48 0.520
24 h urine protein at 1 y (g) 0.54  0.23 0.33  0.19 0.028*
eGFR at 7 d (mL/min/1.73 m2) 60.86  12.57 59.90  18.57 0.838
eGFR at 1 y (mL/min/1.73 m2) 62.60  12.89 63.33  18.89 0.893
eGFR increment at 1 y (mL/min/1.73 m2) 13.74  71.7 16.00  10.06 0.444
Data are presented as n (%) or mean  standard deviation.
*p < 0.05.
eGFR Z estimated glomerular filtration rate; V/W Z ratio of remnant kidney volume to body weight.
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study are that V/W ratios of < 2.0 do not correlate with
reduced renal function in donors after kidney donation, but
they are associated with higher risk of 24-hour urinary
protein levels that exceed the upper normal limit.
Cheong et al. [9] concluded from their study that kidney
volumes acquired from MRI with contrast using the disc
summation methods were within 5% of true kidney volume,
as determined by the reference standard water displace-
ment methods. Other studies also found that MRI with
gadolinium provides excellent tissue contrast [12,13].
However, an important limitation of gadolinium is that its
use may lead to the development of nephrogenic systemic
fibrosis [14]. Recently, Mignani et al. [15] proved that MRI
without contrast is a reliable, objective, and reproducible
method of assessing the total renal volume in autosomal-
dominant polycystic kidney disease. Therefore, we opted
to use MRI without contrast enhancement and the disc-
summation method to estimate kidney volumes.
Brenner et al. [16] and Brenner [17] have hypothesized
that a deficient-functioning renal mass leads to progressive
renal injury due to the detrimental effects of glomerular
hyperfiltration, which sets in place a vicious cycle that
glomerular damage leads to further reduction in renal
mass, followed by ever worsening hyperfiltration. This
theory has raised the proposal that a relatively small kidneyTable 3 Correlation between preoperative patient char-
acteristics and volume of remaining kidney.
Univariate
analysis
Multivariate
analysis
b p b p
Sex
(female vs. male)
0.337 0.024 0.138 0.385
Age 0.01 0.946 0.238 0.198
Weight 0.568 <0.001 0.396 0.016
Height 0.03 0.847 0.057 0.703
Pre-Scr 0.108 0.481 0.128 0.761
Pre-eGFR of
donated kidney
0.069 0.650 0.041 0.822
Pre-eGFR of
remaining kidney
0.405 0.006 0.292 0.126
eGFR Z estimated glomerular filtration rate; Scr Z serum
creatinine.may not meet the requirements of a patient with a rela-
tively large body mass who has a large metabolic demand
for renal mass. Evidence from kidney transplantation has
confirmed this concern. A multicenter study of 1189 pa-
tients in France found that a ratio of allograft weight to
recipient body weight of < 2.3 g/kg was associated with a
55% higher risk of transplant failure at 2 years and a larger
decrease in eGFR at 7 years (3.17 mL/min/y vs. 1.34 mL/
min/y, p < 0.001) [6]. Akoglu et al. [18] reported that re-
cipients with ratios of graft volume to body weight of < 2.7
had significantly higher serum creatinine levels and lower
eGFRs than those with higher ratios at 6 months,
12 months, and 24 months.
Yakoubi et al. [19] have demonstrated that BSA-adjusted
remnant kidney volume was an independent predictor of
eGFR at 1 year (p Z 0.02) in living kidney donors, sug-
gesting that the dosage of preserved kidney volume should
be considered. Our results showed a borderline correlation
between the V/W ratio and eGFR at 1 year after kidney
removal as well. It is known that upon kidney removal, the
effective renal blood flow of the remnant kidney increases
immediately [20,21]; consequently, it will work at a
compensatory state and the GFR will increase. Our previous
study have shown that the volume of remnant kidney wasTable 4 Correlation between preoperative patient char-
acteristics and kidney function.
eGFR at 7 d eGFR at 1 y 24 h urine
protein
at 1 y
b p b p b p
Sex (female
vs. male)
0.291 0.035 0.304 0.037 0.505 0.012
Age 0.149 0.25 0.076 0.491 0.19 0.305
Weight 0.117 0.445 0.063 0.716 0.215 0.156
Height 0.104 0.385 0.101 0.39 0.29 0.095
Pre-Scr 0.2 0.118 0.061 0.565 0.308 0.094
Pre-eGFR of
remaining
kidney
0.626 <0.001 0.737 <0.001 0.078 0.684
V/W ratio 0.149 0.167 0.204 0.07 0.189 0.022
eGFR Z estimated glomerular filtration rate; Scr Z serum
creatinine; V/W ratio Z ratio of remaining kidney volume to
body weight.
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phrectomy and the kidney with larger volume compensa-
tion had lower serum creatinine, indicating that small
kidneys may have better function compensation [22]. In this
cohort, donors with a V/W ratio of < 2 had a similar eGFR
increment to those with a V/W ratio of  2. However, our
results must be interpreted with caution because the BMI of
included donors is relatively small (22.75  3.02 kg/m2).
Whether it is applicable to those who have a much higher
BMI remains to be clarified.
Reports on kidney transplantation concerning the
mismatch between allograft and recipients’ body weight
demonstrated conflicting results regarding proteinuria. One
study of 69 kidney transplantations from living donors found
similar 24-hour urinary protein excretion for low, medium,
and high volume/weight ratios over a 24-month follow-up
period [18]. Another study similarly failed to detect a cor-
relation between the volume/weight ratio and the inci-
dence of proteinuria for up to 5 years after transplantation
[23]. By contrast, one study involving 1189 transplantations
found that recipients with a ratio of allograft weight to
recipient body weight of < 2.3 g/kg were at a significantly
higher risk of proteinuria > 0.5 g/d at 1 year (RR 1.35, 95%
CI 1.08e1.66) [6]. Another study went so far as to conclude
that the ratio of allograft size to recipient weight is the
most important determinant of proteinuria risk in re-
cipients [24]. We found that living donors with lower V/W
ratios had higher 24-hour urinary protein levels and were
more likely to have 24-hour urinary protein levels above the
upper normal limit. This suggests that insufficient remnant
kidney volume in a donor of a given body weight can lead to
hyperfiltration and subsequent proteinuria.
This is the first study to demonstrate that the V/W ratio
does not affect eGFR in donors, and that donors with lower
V/W ratios show higher 24-hour urinary protein excretion at
1 year after surgery. Nevertheless, our results should be
interpreted with caution because we did not conduct long-
term follow-up of renal outcomes, and the BMI in our cohort
was relatively small. Whether our findings are applicable to
long-term outcomes and to donors with much higher BMI
remains to be clarified.
In conclusion, the V/W ratio does not appear to affect
eGFR, but donors with lower V/W ratios have higher 24-
hour urinary protein levels at 1 year after transplantation.
Our study suggests that remnant kidney volume and donor
body weight should be taken into consideration in kidney
selection.
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